A lowered plasma hypertensinase cannot be implicated as an essential factor in either acute or clironic renal hypertension in the dog. No uniform or persistent change occurs in the enzyme. However, marked fluctuations out of the normal range do occur in many, but not all, animals. Prolonged decreases are most frequent in acute hypertension and elevations in chronic hypertension. A modification of Dexter's method for the determination of plasma hypertensinase is described.
T HE destruction of hypertensin (angiotonin) by the body is of interest in relation to the mechanism of experimental renal hypertension. Hypertensin is destroyed by an enzyme or group of enzymes, called hypertensinase (angiotonase), which is present in many organs. Sapirstein, Reed and Page 1 have emphasized the major importance of the hypertensinase of plasma, as opposed to cellular enzymes, in the in vivo destruction of hypertensin. A decrease in plasma hypertensinase could result in increased levels of hypertensin and an elevation of blood pressure. The enzyme has not been adequately studied in renal hypertension. Dexter 1 found no significant difference between the plasma hypertensinase of 5 hypertensive dogs and of 10 different normal dogs. Later Haynes and Dexter 3 determined plasma hypertensinase in 5 dogs before and after the induction of hypertension and failed to note any change. However, in only 1 animal was the hypertensinase level followed for more than about two weeks after renal artery constriction. We have reinvestigated this problem and followed hypertensinase in both the acute and chronic phases of hypertension in the dog. We had previously noted a decrease in plasma hypertensinase following bilateral nephrectomy/ 4 The present study showed that, while plasma hypertensinase did not uniformly decrease in experimental renal hypertension, marked flucuations in this enzyme, far beyond the normal range, did occur in many of the animals.
METHODS
In most of the dogs hypertension was produced by the application of Goldblatt clamps to both renal arteries. In order to produce adequate persistent hypertension the clamps were usually retightened and membranes (fishskin condoms) were applied to interrupt collateral circulation. 5 In 2 animals finely divided silica was injected into both renal arteries as described by Moses. 6 Mean femoral blood pressure was measured at about weekly intervals in trained unanesthetized dogs by femoral artery puncture and a mercury manometer. Control levels over several months were obtained before hypertension was produced. One to 6 control assays of plasma hypertensinase were made and measurements were continued during both acute and chronic hypertension.
Potencies of hypertensinase and hypertensin were expressed in the dog units defined by Braun-Menendez and associates. 7 Hypertensin was prepared by the method of Clark and collaborators 8 using the crude renin of Haas, Lumfrom and Goldblatt. 8 The hypertensin was assayed by blood pressure responses in the cat. 4 Assay of Hypertensinase. Hypertensinase was measured in arterial plasma by a modification of Dexter's method. 1 All glassware and solutions were sterilized by dry heat or by boiling. Citrated plasma was used and a correction was made for dilution by the isotonic citrate solution. Plasma with more hemolysis than that represented by a hemoglobin content (method of Chornock and Karr) of 7 mg./ 100 ml. was discarded. Incubation mixtures were made as follows: hypertensin, 4 units in a volume of 5 ml.; 0.5 M NaH,P0 4 (pH 7.4), 0.5 ml.; 1:1000 thimerosal (Merthiolate), 0.2 ml.; appropriate amounts of plasma; sterile water to make the final volume 10 ml. The mixtures were immediately incubated at 37 C. for 2 hours. The reaction was HARAKAL AXD COLLINS stopped by bringing the pH to 5.2 with 1 N HC1 and heating the tubes in boiling water for 10 min. After centrifugation the supernatant fluid was stored at -25 C. After thawing and adjustment to pH 7.4, the samples were assayed for hypertensin in the cat as previously described.' 1 The amount of hypertensin destroyed was obtained by subtraction from 4 units. Control mixtures were used as a reference standard. These tubes were made like those described above using plasma which had been heated in boiling water or had been incubated at pH 3.9 for 20 min. at 25 C. The latter treatment presumably destroys hypertensinase but not renin or hypertensinogen, 7 and was used to evaluate possible error from renin in the plasma. However the two types of controls, either with plasma from normotcnaive or from hypertensive dogs, never showed any differences in pressor activity.
An amount of substrate (hypertensin) of 4 units in 10 ml. was used rather than the concentration of one unit per 10 ml. employed by Dexter. A curve for the larger hypertensin concentration was constructed in the following manner. The hypertensinase concentration in dog units of plasma was determined by Dexter's method, using his smaller hypertensin concentration and calculating with his curve. Varying amounts of the assayed plasma were then incorporated in incubation mixtures containing 4 units of hypertensin, and hypertensin destruction was determined as described above. Hypertensin destructions were plotted against the amount of hypertensinase present, and the curve shown in figure 1 was obtained. This modification had two advantages. It eliminated any need to reduce the volume of samples by evaporation before assay in the cat. The greater substrate concentration increased the rate of action of hypertensinase and a given change in the enzyme caused a greater alteration in hypcrtensin destruction. The curve was used in all calculations of hypertensinase.
Only the portion of the curve between a hypcrtensin destruction of 1 to 2 units was used. With smaller hypertensin destruction the error became relatively greater. When hypertensin destruction exceeded 2 units, the curve became less steep. In assays, varying amounts of plasma were used in different tubes so that the hypertensin destniction in at least one of the mixtures would fall between 1 to 2 units.
RESULTS AND DISCUSSION
A'ariation in plasma hypertensinase in normal dogs was relatively small. Using the present method 63 assays have been made in 17 normotensive dogs. The mean of these determinations was 1.69 units/ml, with a range of 1.4 to 2.2 unite and a standard deviation of ±0.194 units. Two control dogs were subjected to exposure and manipulation of both kidneys without interference with their circulation. These animals showed fluctuations in hypertensinase within the normal range of 1.4-2.2 units/ml, ( fig. 2) .
Acittc Hypertension. Hypertension was induced in 9 dogs. The results during early hypertension are given in table 1. The end of the acute phase of renal hypertension in the clog has been variously set at 3 and at 6 months, 10 and in most cases data obtained during the second and third months are given in table 1.
Three dogs showed marked early decreases in plasma hypertensinase lasting 2J 2 to 3 months (dogs 1-3, table 1). This phenomenon is illustrated in figure 3 . The depression did not necessarily appear during the first month of hypertension. Dog 1 had a normal hypertensinase on day 34 and subsequently showed a fall. Dog 9, which had been injected with silica, showed a slight depression in hypertensinase after about \Yi months of hypertension (see table 1 ). With one axception, to be discussed with chronic hypertension, prolonged falls occurred only with the initial clamping and not when blood pressure was re-elevated by subsequent procedures. Depression in hypertensinase did not correlate with the degree of hypertension. Dog 3 had marked depression with minimal hypertension while dog 6 had little change with severe hypertension.
It was possible that the low hypertensinase values were artifacts clue to relatively large amounts of renin in the plasma. The renin by producing hypertensin during the incubation might mask hypertensin destruction. The controls using plasma incubated at pH 3.9 were evidence against this possibility. Furthermore, Haynes and Dexter 3 found that, after constriction of the renal arteries in dogs, plasma renin reached a maximum in about a week and then gradually diminished. The depression in hypertensinase did not follow this time course. Dogs 4 and 5 showed high values of hypertensinase in the early months of hypertension subsequent to retightening the clamps. In dog 4, however, the elevation was not observed until the fourth month; no previous significant Three of the 9 animals (dogs 6-8) showed little or no deviation of hypertensinase from the normal range. Dog 9 showed only a slight depression. It is significant that hypertension can develop without any alteration in hypertensinase.
Chronic Hyperlension. Seven of the 9 dogs were followed into the chronic phase of hypertension. Data from near the end of the periods of observation are recorded in table 2.
Three of the animals displayed marked elevations in plasma hypertensinase (dogs 3-5). Dog 4 showed only one slightly elevated value in the period recorded in table 2, but had previously exhibited several higher values. A fourth animal, dog 9, showed a questionable elevation. Figure 3 illustrates the increases in hypertensinase. These consisted of sharp peaks or of elevations lasting several months.
The meaning of the increases in hypertensinase is not clear. They had no uniform rela-tion to the degree of hypertension. They were observed only after reclamping or following the application of membranes to the kidney. The possibility existed that the elevations might be associated with inflammation. The production of a turpentine abscess," however, resulted in no alteration in plasma hypertensinase in 2 hypertensive dogs.
Decrease in hypertensinase was less characteristic of chronic than of acute hypertension. Only 1 animal, dog 2, showed a period of depression. The fall was observed about 4 months after the application of a membrane to the left kidney and was not accompanied by any significant change in the severity of the hypertension.
Like the acute phase, chronic hypertension could exist without alteration in hypertensinase. Dogs 1 and 7 exhibited no deviation outside the normal range at any time during the chronic phase, and dog 9 showed only a minimal change.
Comment.. Since hypertension can occur . 3 ) strikingly illustrates this fact. It is significant that only 1 animal (dog 7) showed hypertensinase concentrations entirely within the normal range during both its acute and chronic phases of hypertension. It is tempting to relate this lability to parallel changes in other components of the renin system in the maintenance of hypertension, but evidence for such a relationship is lacking.
SUMMAIIY
A modification of Dexter's method for the determination of hypertensinase in plasma was developed. With this method the range of hypertensinase in normotensive dogs was 1.4 to 2.2 units/ml.
Plasma hypertensinase was followed in 9 dogs in which hypertension was produced by Goldblatt clamps or by injection of silica. No uniform or permanent change occurred, and hypertension could develop and persist without alteration in hypertensinase. However, marked fluctuations beyond the normal range were observed in many of the dogs.
In the acute phase of hypertension, 3 of the 9 animals showed marked prolonged falls in hypertensinase, 2 exhibited temporary elevations, and 4 showed slight or no deviation from the normal range. In the 7 dogs followed into the chronic phase, 3 showed marked temporary elevations in hypertensinase, one a depression, and 3 little or no change. thodo, le extremos de hypertensinase in canes normotensive esseva 1,4 e 2,2 imitates per ml.
Hypertensinase plasmatic esseva observate in 9 canes in que hypertension habeva essite inducite per crampas de Goldblatt o per le injection de silice. Nulle uniforme o permanente alterationes occurreva, e hypertension poteva disveloppar se e persister sin alteration de hypertensinase. Tamen, marcate fluctuationes ultra le limites normal esseva observate in multos del canes.
In le phase acute de hypertension, 3 del 9 animates monstrava marcate e prolongate reductiones del hypertensinase, 2 exhibiva elevationes temporari, e 4 habeva leve o nulle deviationes ab le nivellos normal. Inter le 7 canes observate usque al phase chronic, 3 monstrava marcate elevationes temporari de hypertensinase, 1 revelava un depression, e 3 habeva pauc o nulle alteration.
